SUMMARY Brunner's gland secretion in response to infusion of secretin and glucagon was studied in the rat. Secretin was infused in doses of 15, 150 and 1500 ng/kg/h. All doses significantly increased bicarbonate and protein output and depleted Brunner's glands of PAS-positive mucin. Bicarbonate secretion was related to plasma secretin concentration, and a marked stimulatory effect of secretin was found in very low, probably physiological, plasma concentrations. Maximal bicarbonate output was obtained at a plasma concentration of secretin about 20 pmol/l. Glucagon was infused at a rate of 1*0 ,ug/kg/h and did not influence secretion rate or cell morphology. Also large doses of 5 0 and 500 ,ug/kg/h had no effect on Brunner's gland secretion. It is concluded that secretin in very low plasma concentrations stimulates secretion of bicarbonate, protein and mucus from Brunner's glands in the rat, while glucagon has no effect, and it is suggested that secretin may be involved in the physiological regulation of Brunner's gland secretion.
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Nearly 50 years ago Florey and Harding' 2 showed that feeding stimulated secretion from Brunner's glands in the cat after extrinsic denervation. They concluded that the glands were controlled by a hormonal mechanism, and postulated the hormone to be secretin. The effect of feeding on Brunner's gland secretion was later also observed in dog and pig,34 and several authors have studied secretion in dog and cat after administration of secretin containing material. The Received for publication 28 March 1983 The present study was performed to investigate whether secretin and glucagon in more physiological plasma concentrations stimulate Brunner's gland secretion.
Methods

ANIMALS AND OPERATIVE PROCEDURE
Female Sprague-Dawley rats weighing 190-210 g were fasted from 8 am for eight hours in raised mesh-bottom cages, but given tap water ad libitum. Under ether anesthesia, one of the jugular veins was cannulated with a 0-8 mm polyethylene tube for infusion of peptides. A laparotomy was performed with a midline incision and the pylorus was ligated. Another ligature was placed around the duodenum 8 mm distally, a few millimetres proximal to the common bile and pancreatic duct. Through a stab wound a polyethylene catheter was introduced into the lumen of the distal duodenum and the tip was passed up through the ligature, which was tied so that the catheter was draining the 8 mm duodenal pouch. To drain the stomach during the experiment, All doses significantly and dose dependently increased the flow rate of Brunner's gland secretion (Table) . Both bicarbonate and protein output increased in response to infusion of secretin as the concentrations in the secretion remained unchanged (Table) . In Figure 1 the semilogarithmic plot of plasma secretin concentration and duodenal bicarbonate secretion is shown. A marked increase of bicarbonate output is seen even at very low plasma secretin levels, and maximal bicarbonate output occurs at about 20 pmol/l. Secretion rate from jejunal pouches was less than 0*1 ml/5 hour.
At histologic examination even the smallest dose of secretin (15 ng/kg/h) had induced a marked depletion of mucus in the secretory cells (Fig. 2) , similar changes were seen after the higher doses. In sections from the control groups all cells were tall, columnar and contained large amounts of PASpositive mucin, the nucleus was often flattened and located in the basal part of the cell ( (Table) . The (1-51Ag/kg x h) (1-90-2-90)t (558--71-2) (1-94-9) histoligic examination revealed no changes in cell morphology compared with the control group.
Discussion
Brunner's gland secretion is believed to protect the mucosa in the first part of the duodenum from the acid chyme ejected from the stomach. [17] [18] [19] Impaired function of the glands may be a pathogenetic factor in experimentally induced duodenal ulcer.20 21 The mechanisms regulating Brunner's gland secretion, however are still largely unknown. The secretion obtained from the duodenal pouches has a characteristic limpid and viscid nature, quite different from secretions from other parts of the small intestine, where Brunner's glands are absent. Although secretions from the glands of Lieberkuhn and the villus cells are admixed, these are quantitatively insignificant, as indicated by the lack of measurable secretion from the jejunal pouches. These observations and the histologic evidence of depletion of mucin after stimulation indicate that Brunner's glands actually produce the main part of the secretion obtained from the pouches.
The present study shows that small increments of plasma secretin induce a dose dependent increase in Brunner's gland secretion. The plasma concentrations measured after infusion of secretin in the rat correspond well to the findings in other species, gland secretion, and the histologic examination revealed no changes of the secretory cells. This was also observed after infusion of unphysiologically large doses (5.0 and 50 0 ,ug/kg/h). Infusion of glucagon in high doses (3.0-64.0 ,ug/kg/h) has earlier been shown to stimulate secretion from Brunner's glands in the dog.10 11 This discrepancy may be because of species differences, but also contamination with small amounts of potent, stimulating peptides, such as VIP, could explain the results of these early experiments with glucagon.
In conclusion this study has shown that a small rise in plasma secretin concentration, probably within physiological range, induces an increased secretion of bicarbonate, protein, and mucus from Brunner's glands in the rat, while glucagon has no effect.
